Estimation of resting energy expenditure (REE) involves predicting basal metabolic rate (BMR) plus adjustment for metabolic stress. The aim of this study was to investigate the methods used to estimate REE and to identify the impact of the patient's clinical condition and the dietitians' work profile on the stress factor assigned. A random sample of 115 dietitians from the United Kingdom with an interest in nutritional support completed a postal questionnaire regarding the estimation of REE for 37 clinical conditions. The Schofield equation was used by the majority (99%) of dietitians to calculate BMR; however, the stress factors assigned varied considerably with coefficients of variation ranging from 18.5 (cancer with cachexia) to 133.9 (HIV). Dietitians specializing in gastroenterology assigned a higher stress factor to decompensated liver disease than those not specializing in gastroenterology (19.3 vs 10.7, P ¼ 0.004). The results of this investigation strongly suggest that there is wide inconsistency in the assignment of stress factors within specific conditions and gives rise to concern over the potential consequences in terms of under-or overfeeding that may ensue.
Introduction
The direct measurement of resting energy expenditure (REE) in clinical practice is time consuming and may require specialist equipment and therefore its accurate estimation is essential to allow the provision of targeted nutritional support. REE is estimated by the calculation of basal metabolic rate (BMR), using prediction equations, which is then adjusted for metabolic stress using so-called stress factors (Reeves and Capra, 2003a) . The REE is then adjusted for physical activity to estimate total energy expenditure (TEE).
The process of estimating BMR, REE and TEE is fraught with difficulties that impede the validity of the results. For example, a variety of factors contribute to BMR, including age, gender and body composition, whereas the effect of metabolic stress will depend upon the type, severity and phase of illness or injury (Elia, 2005) . In addition, physical activity is often reduced owing to the patient's underlying clinical condition (Gibney, 2000) .
Although the validity of using prediction equations and stress factors to estimate REE has been investigated for a number of diseases, there is little information regarding the reliability of their use in clinical practice. In one survey of Australian dietitians, the estimated REE for a patient requiring nutritional support for postsurgical excision of laryngeal cancer ranged from 4681 to 15100 kJ/day (1118-3607 kcal/day) (Reeves and Capra, 2003b) . Factors influencing clinical decision-making in estimating REE are unclear; however, it may involve the use of different prediction equations for calculating BMR combined with variation in its adjustment by stress factors.
Therefore, the aim of this study was to further investigate the methods used by dietitians to estimate REE, and to identify the impact of the patient's clinical condition and the dietitians' work profile (location, grade, years of experience, speciality) on the stress factor assigned.
Methods
A postal questionnaire surveying dietitians routine clinical practice in estimating REE was sent to 236 randomly selected members of the parenteral and enteral nutrition specialist group of the British Dietetic Association. There are approximately 500 members of this group, all of whom are registered dietitians in the UK with an undergraduate or postgraduate degree in nutrition and dietetics and all with experience and interest in nutritional support. The questionnaire presented respondents with a hypothetical clinical scenario of a 40-year-old male with no past medical history with a body mass index of 23 kg/m 2 and who had been referred for oral nutritional support. The questionnaire surveyed how the respondents would routinely estimate BMR and which stress factor they would assign to each of 37 clinical conditions. The questionnaire included the standard scale of stress factors used in the UK for reference (Elia, 1990) .
Statistical analysis
The stress factors assigned were summarized using descriptive statistics (mean, mode) and their variability summarized using distribution data (s.d., coefficient of variation, frequency of mode, minimum, maximum). The coefficient of variation was not calculated for data with a mean of less than 5 as it is disproportionately influenced by a low mean. The stress factor assigned to each clinical condition were compared between dietitians from different specialities using a t-test and between dietitians from different working locations, grades and years of experience using analysis of variance. All data analysis was conducted on SPSS for Windows (Version 13.0, USA).
Results
A total of 115 questionnaires were returned (49% response rate). The respondent demographics are shown in Table 1 . A total of 114 (99%) dietitians responded that they would calculate BMR using the Schofield equation, with one respondent using energy per kg. All respondents would use stress factors to adjust for metabolic stress; however, there was considerable variability in the stress factors assigned for different clinical conditions ( Table 2) .
The dietitians' working location (general hospital, teaching hospital, community), grade (basic, senior, chief) or length of time qualified (in 3-year intervals) did not result in significant differences in the stress factor assigned for any of the diseases. Dietitians specializing in gastroenterology assigned a higher stress factor to decompensated liver disease than those not specializing in gastroenterology (19.3 vs 10.7, P ¼ 0.004). There were no significant differences between the stress factors assigned and the speciality of the dietitians for any other disease.
Discussion
An accurate knowledge of patients' REE is essential when providing targeted nutritional support. An overwhelming majority (99%) of dietitians surveyed use the Schofield equation to calculate BMR. The Schofield equation does not incorporate measurements of body composition, despite its impact on BMR, which therefore limit its validity for use in individuals (Johnstone et al., 2006) . The consistent use of the Schofield equation to calculate BMR is likely to be owing to its recommendation by standard clinical texts in the UK (Thomas, 2001; Todorovic and Micklewright, 2004) . This is in contrast to dietitians in Australia in whom only 67% use the Schofield equation to calculate BMR, with the remainder using the Harris-Benedict equation, energy per kg of body weight or other methods (Reeves and Capra, 2003b) .
Stress factors are used to adjust calculated BMR for any additional energy requirements arising from metabolic and hormonal responses, including inflammatory processes and cytokine responses associated with injury, trauma or disease. However, the use of more accurate methods of measuring REE, including indirect calorimetry and the doubly labelled water technique, has led to observations that the impact of a clinical condition on BMR may only be moderate. The validity of using potentially outdated stress factors has therefore been challenged (Gibney, 2000; Elia, 2005) . Despite this fact, this study has highlighted that all dietitians adjusted calculated BMR for stress using stress factors. However, their choice of stress factor was remarkably variable for each clinical condition. In only 17 clinical conditions was there agreement among more than half of dietitians on the stress factor to assign, whereas in only two clinical conditions was there agreement among more than three-quarters of dietitians. The coefficient of variation ranged from 18.5 (cancer with cachexia) to 133.9 (HIV). Although the range was also high (e.g. burns, 60-90%, first month, range of stress factors 20-85%), there was little to account for this variability in terms of working location, grade or length of time qualified. Registered dietitians specializing in gastroenterology assigned a higher stress factor to patients with decompensated liver disease than nonspecialists, although clinical guidelines confirm the existence of variable metabolic stress (Plauth et al., 1997 (Plauth et al., , 2006 . This study has highlighted the consistent use of the Schofield equation to calculate BMR but its inconsistent adjustment for metabolic stress to estimate REE in patients The stress factor would be multiplied by the calculated basal metabolic rate to estimate resting energy expenditure.
requiring nutritional support. This is despite the sample consisting of dietitians with a specialist interest in nutritional support, in whom there may have been responder bias, implying that the true variability in general clinical practice could potentially be even higher. These findings concur with a study from Australia, which demonstrated a wide variety of stress factor assignment and subsequent substantial variation in estimated REE (Reeves and Capra, 2003b) . The causes of the diversity in the use of stress factors for each clinical condition is unclear. One problem may be the large boundaries for stress factors quoted in reference texts (Elia, 1990) ; however, recent guidelines recommend the use of more limited boundaries for stress factors (Todorovic and Micklewright, 2004) . The findings of this study justify the need for research that investigates the factors affecting complex clinical decision-making regarding stress factor assignment.
The inherent inaccuracy of estimating REE through prediction equations and stress factors (validity) together with their inconsistent use (inter-rater reliability) could lead to under-or overfeeding and the potential consequences that may ensue. More practical methods for measuring REE are under development and include the use of hand-held calorimeters, although their accuracy compared to standard calorimetry is questionable (Compher et al., 2005; Reeves et al., 2005) .
Conclusion
Accurate and convenient methods for measuring REE or a consistent approach to assigning reliable data on metabolic stress for a comprehensive range of clinical conditions are required. Until such time, health professionals must use stress factors with caution and consult the literature regarding measured REE for individual clinical conditions. In addition they must ensure regular monitoring of clinical data to maximize the benefit of nutritional support while minimizing potential negative sequelae of under-or overfeeding.
